Anecdotes that Millennials fundamentally differ from prior generations are numerous in the popular press. One claim is that Millennials, happy to rely on public transit or ride-hailing, are less likely to own vehicles and travel less in personal vehicles than previous generations. However, in this discussion it is unclear whether these perceived differences are driven by changes in preferences or the impact of forces beyond the control of Millennials, such as the Great Recession. We empirically test whether Millennials' vehicle ownership and use preferences differ from those of previous generations using data from the US National Household Travel Survey, Census, and American Community Survey. We estimate both regression and nearest-neighbor matching models to control for the confounding effect of demographic and macroeconomic variables. We find little difference in preferences for vehicle ownership between Millennials and prior generations once we control for confounding variables. In contrast to the anecdotes, we find higher usage in terms of vehicle miles traveled (VMT) compared to Baby Boomers. Next we test whether Millennials are altering endogenous life choices that may, themselves, affect vehicles ownership and use. We find that Millennials are more likely to live in urban settings and less likely to marry by age 35, but tend to have larger families, controlling for age. On net, these other choices have a small effect on vehicle ownership, reducing the number of vehicles per household by less than one percent.
Introduction
The Millennial generation is often thought to be upsetting institutional and economic norms established by previous generations. From differences in fast-food eating preferences to changes in the investments they make, the common consensus is that Millennials are fundamentally disrupting a wide variety of industries due to differences in preferences. However, such claims have not been explored rigorously, and limited data have been used to support these hypotheses. 1
Understanding the true preferences of the Millennial generation, as well as the demographic makeup of the generation, can provide insight into the future landscape of mobility, and thus provide both the industry and policy makers with more information about what business practices and policies to implement. This paper empirically tests whether Millennials' vehicle decisions differ from those of previous generations. Our focus is on two main facets of personal mobility: vehicle ownership, measured by how many vehicles a given household owns, and vehicle usage, measured by annual vehicle miles traveled (VMT). Each of these provides different insights; vehicle ownership gives a better understanding of the market for personal vehicles, while vehicle miles traveled provides insight on vehicle fleet usage as well as environmental footprints.
Our data come from Department of Transportation's National Household Transportation Survey and the US Census and the American Community Survey to construct a picture of both transport preferences and generational demographics. Our goal is to tease apart two primary factors that could account for the changes in vehicle purchasing and use: preferences for transportation conditional on demographics and differences in endogenous household demographics (e.g., marriage) themselves and how these decisions indirectly affect transportation choices.
The first of our goals captures the shift in preferences holding constant other factors that influence vehicle ownership and use with the goal to understand whether observed differences are due to differences in other variables that might influence transportation decisions. The second seeks to understand how much endogenous changes in life choices, such as marriage and urbanity, influence vehicle ownership and use. We refer to these effects as indirect. To measure these we also estimate the degree to which Millennials are altering these other endogenous decisions and, through our empirical model of transportation decisions conditional on these other factors, measure how these changes affect ultimate transportation demand.
Our work adds a rigorous analysis of Millennial preferences to a discussion that is dominated by anecdotal evidence for perceived differences in purchasing and use habits, with claims that Millennials are the "go nowhere generation" meaning they are more risk averse and less mobile Buchholz and Buchholz (2012) , or the "cheapest generation," who are not interested in making large investments in cars or houses Thompson and Weissman (September 2012 Issue) . We find that, conditional on household demographics, Millennials do not differ in terms of vehicle ownership, relative to Baby Boomers. In addition, Millennial vehicle use, measured by annual vehicle miles traveled (VMT) is higher than Baby Boomers at similar stages in their lives. The net effect, however, 1 See, for example, Taylor (2017) , Dutzik et al. (2014) and Fry (2017) .
is a bit more nuanced. We also find that Millennials are delaying some of the life choices that are held constant in the preceding statements. Together, the results suggest that while Millennial vehicle ownership and use may be lower early on in life, these differences are only temporary and, in fact, lifetime vehicle use is likely to be greater.
Two concurrent papers complement our results using different methodologies. Leard et al. (2019) uses pre-Great Recession NHTS data to estimate how VMT responds to changes in demographics and then compares the forecasts of this relationship to observed VMT. They find that economic factors can explain most the variation in VMT, leaving little room for generational differences to explain movements in VMT. Our work directly tests for generational differences using the 2017 NHTS sample, a year where Millennials were in their early-to mid-30s. We also estimate how Millennials might be changing life choices and the impact these have on vehicle ownership. Kurz et al. (2018) uses consumer expenditure data to estimate whether Millennials are spending any less on vehicles and shows Millennials' spending is inline with previous generations. We do not focus on spending.
The remainder of the paper proceeds as follows. In Section 2 we discuss the data used in the analysis. Section 3 discusses the empirical models and results for estimating the change in preference, conditional on demographics. Section 4 estimates how Millennials differ in terms of other life choices and what these differences imply for vehicle ownership. Finally, Section 5 concludes.
Data Souces
Our primary data source is the Department of Transportation's National Household Travel Survey (NHTS). We utilize surveys from 1990, 1995, 2001, 2009, and 2017. 2 We also make use of data from the US Census and American Community Survey (ACS). Both the Census and American Community Survey data used in this analysis are provided by the Integrated Public Use Microdata Series compiled by the University of Minnesota. Data from Census years 1990 Census years , 2000 Census years , and 2010 are included in the analysis, as well as the American Community Survey from 2015, an off-cycle year for the US Census. The three data sets contain responses at the person-and household-level; however, they differ somewhat in the demographic variables they collect within a household. We We analyze vehicle ownership at the household-level for both datasets, since vehicles are more often attributed to households rather than individuals-couples typically share the expenses of a vehicle-and the data sets recorded household identification for the vehicles rather than personal designation. We focus on VMT at the person level since VMT can be attributed to an individual, although our general conclusions are robust to aggregate VMT to the household level. Only the NHTS data contain information on VMT.
Several steps to clean and organize the data were necessary to analyze households decisions.
To assign the appropriate generation to each household, the head of household was identified from the person-level responses by selecting the eldest member of each family. 3 Their birth year was used to assign a generation to the household based on the delineations in Table 1 . 4 Lastly, any demographic information used in the model is based on the head of household's characteristics. Millennials 1980 -1994 Generation X 1965 -1979 Baby Boomers 1946 -1964 Silent Generation 1928 -1945 Greatest Generation 1901 -1927 
Generation

Birth Years
Empirical Set Up
Our basic approach is to use linear regression to control for household and time characteristics.
We also test the robustness of these results using a nearest-neighbor matching model that matches on the same demographics and control variables as in the regressions.
For much of our analysis, we restrict ourselves to only the most recent three generations: Baby Boomers, Generation X, and Millennials, using Baby Boomers as the omitted category (baseline generation). We relate the variables of interest (e.g., vehicles per household or VMT) to the generation controlling for confounders. Specifically we have:
where I g i are indicators for the generation that the head of household of household i falls into, X it are household level demographics and time control variables, and it is the regression residual. We estimate a variety of models varying the control variables. Our list of complete control variables is in Table 2 . For each of the continuous variables, we include its natural log in the regression and the square of the natural log of the variable to account for non-linearities in the relationship.
We cluster our standard errors at the state level allowing for arbitrary correlation in the residuals across households within the same state.
3 The risk here is if an elderly parent is living in the household. We have also performed the analysis where we define the generation based on the second oldest adult if that adult is older than 30 and the gap between the second oldest and the oldest is at least 18 years. This is meant to capture cases where the child is the head of household. We note that this is not an issue for the Census data, described below, because it explicitly asks for the age of the head of household.
4 These assignments reflect those used by the Pew Research Center in their demographics analysis and reporting. 
Results
We begin by showing results with no controls and then add to the set of control variables. The fourth plot, in yellow, depicts the results for households aged 18-37 and includes the full set of demographic variables; this is our preferred specification. The model uses the regressors and examines the subset of the data for households aged 18-37. The resulting coefficients for both Millennials and Generation X approach 0, and neither are statistically significant from 0.
The Millennial coefficient is −0.03, while the Generation X coefficient is 0.005. (We cannot reject equality between the Millennial and Generation X coefficients.) These results support the conclusion that Millennials do not have different preferences from previous generations when both age effects and endowments are accounted for in vehicle ownership rates.
We also briefly discuss the other coefficients, reported Appendix Table A .1 for our preferred specification. Given the inclusion of the quadratic terms for the continuous variables, the impact of control on vehicle ownership is immediately obvious. Therefore, we discuss the distributions of the derivatives. Each are intuitive. The mean of the derivative with respect to income is 0.29, with a standard error of 0.023. The minimum value is 0.20, while the maximum value is 0.32. The mean for the age derivative is 0.18 with a standard error of 0.014. The minimum is 0.13 while the maximum is 0.20. While it would not be surprising if the derivative did turn negative at some age level, recall that we are restricting the sample to households where the head is below 38. The mean for the household derivative is 0.71 while the standard error is 0.49. Here, the derivative does turn negative for household size larger than 5. While our prior is that the derivative likely remains positive throughout the household size distribution, given that less than 2.9 percent of sample has a household size above 5, it is not too surprising that the model has a hard time fitting these observations.
The variables capturing urbanity also have intuitive signs. The omitted group is living in an urban area. Living in an urban cluster, thus less urban than the omitted group, is associated with a 0.11 increase in the number of vehicles per household. Living in the surrounding areas of an urban area is associated with a 0.12 increase, while living in a rural area is associated with a 0.3 increase in the number of vehicles. Finally, we find that higher education levels are associated with initial increases in the number of vehicles, but then this effect starts to wane at Bachelor's degrees and above, again noting that we are conditioning on other confounders such as income and household size.
To explore the robustness of the findings, we estimate three additional models specifications varying how we control for age and the survey year. The fifth plot in light blue shows the results from a model in which an additional age control variable is no longer included in the regression equation. The goal of this specification is to understand if a control variable for age is necessary in addition to sub-setting the data to include only ages 18-37. The results from this specification have a larger coefficient in magnitude, indicating a difference in preferences for vehicles by Millennials.
This suggests that restricting the sample to only households aged 18-37 does not adequately control for age. This is not surprising, given that age is estimated to have an important effect on vehicle ownership the distribution of age differs across generations. For example, the range of ages for Baby Boomers, which have been defined as those born 1946-1965, does not range from 18-37, but rather only from ages 26-37 since the oldest data set used is 1990. Therefore, it is important to use the age control variable since the distribution of Baby Boomers will be different than for that from Generation X or Millennials.
The sixth plot, in red, increases the flexibility in the survey year fixed effects, meant to capture macroeconomic activity. Specifically, we include a set of state-by-survey year fixed effects. The coefficients do not differ considerably from the baseline results plotted in the fourth model. This supports the baseline model's more simple approach of using only the year variable rather than an additional interaction term.
The final specification, in purple, explores the macroeconomic effects more quantitatively by including state macroeconomic data on gross state product and state unemployment rates, rather than the survey fixed effects. This specification is also partly motivated by the fact that Age and the set of survey fixed effects are jointly estimated off of functional form assumptions: they cannot both be non-parametrically identified. 5
After including these variables to capture state-level macroeconomic conditions, the generation results from the model depicted in the final plot in black again show very little difference in the coefficients as compared to the baseline model in yellow. Therefore, the simpler use of the year variable is sufficient for capturing macroeconomic effects, as the coefficients hardly change when a more detailed model is constructed.
These six models together provide a clear picture of what is contributing to the difference in vehicle ownership rates between Millennials and other generations. There are both significant age effects and differences in underlying endowments. When these two factors are accounted for, nearly all the differences between Millennials' and Baby Boomers' vehicle ownership rates are eliminated. Therefore, these results suggest that Millennials' preferences for vehicle ownership are not so different from prior generations.
To provide a further check on this conclusion, we estimate similar specifications using the Census/ ACS data. The difference in study years alters the maximum age of Millennials, limiting it to 35 rather than 37 given that the most recent study year included in the analysis is 2015.
The other difference is that the Census/ACS data set includes explicit variables on whether the respondent is married and has children. The results are plotted in Figure 2 . The full coefficient estimates are in Appendix Table A. 2.
The models in Figure 2 mirror those from the NHTS results and serve as an effective comparison to the NHTS results to provide a further check on the robustness of the results. Looking at these data, very similar results are shown in the trends as compared to the NHTS. The baseline model, the fourth plot indicated again in yellow, shows a similar result to the NHTS results with a small negative coefficient, approaching 0. However, unlike in the NHTS data set where the 95% confidence interval is fairly wide and includes 0, the results for Millennials in ACS is statistically significant from 0, though the magnitude in that confidence interval is very small. These results provide a confirmation on the conclusions from NHTS that the difference in preferences between Millennials and prior generations is not actually large, but rather plays a negligible part in the observed differences in vehicle ownership rates for Millennials compared to other generations. Both data sets support the conclusion that the observed differences in Millennials' ownership rates are primarily from their different endowments and age effects.
Next we turn to results with respect to vehicle usage. We estimate the same set of specifications for the NHTS data for vehicle miles traveled. The results from the regressions are depicted in Interestingly, the model that subsets the data to only include households aged 18-37, without any variable controls, the difference between Millennials and Baby Boomers is actually more pronounced. This large difference dissipates again when the control variables are included. This result is interesting as it appears the age effects between Millennials and Baby Boomers are not a considerable contribution to observed differences between the two generations. Rather, the bulk of the difference arises from the differences in endowments. When these endowments are accounted for via the control variables, the coefficient flips to being positive, indicating that in reality Mil-lennials have a slight preference for VMT compared to Baby Boomers when both age effects and endowments are considered. The coefficient is statistically significantly different from 0.
The exclusion of the age variable shifts the coefficient to the left, while both the models which alter the methods for capturing macroeconomic variables do little to change the coefficient found in the baseline model (Ages 18-37, Baseline Controls). These results support the robustness of the findings from the baseline model. This work, in conjunction with the results from vehicle ownership rates, show Millennials' preferences for personal vehicles is no different from prior generations, and they have a slight preference for higher annual VMT.
Matching Estimator
To gauge robustness of our regression results, we also estimate a nearest-neighbor matching The regressions of vehicle ownership and use yield estimates of differences across generations conditional mean of these variables across generations, conditional on the confounding variables listed in Table 2 . In this section we estimate how Millennials differ in life choices and by how much these differences can explain the observed vehicle ownership gap. For example, if marriage increases the probability of owning a vehicle and fewer Millennials are marrying, then even if Millennials own the same number of vehicles conditional on being married, on net, Millennials will own fewer vehicles.
Our approach estimates how Millennials differ in terms of demographics controlling for purely exogenous differences across the generations. In particular, we "endogenize" differences in: whether the household is in an urban or rural area, whether the head of household is or has been married, household size, and inflation-adjusted income. We admit that observed differences in family income may not be endogenous to the generation. We choose to include income so as to construct an upper bound on the impact of the endogenous life choices.
We make use of the Census and American Community Survey Data from 1990-2015, restricting the sample to only households aged 18-35, the ages corresponding to Millennial ages in the ACS/Census data set. First, we use the coefficient estimates from our baseline model (Model 4). Next, for each of the endogenous demographic variables, we estimate how Millennials differ from Baby Boomers conditioning on the survey year, education level, state of residence, race, gender, household age, and household age squared. 7 Given an estimate of how Millennials vary in terms of these demographics and the impact these demographics have on vehicle ownership, it is straightforward to estimate the net effect. 8 To estimate the statistical precision of the net effect, we bootstrap the sample 200 times and report the confidence interval accounting for the standard errors associated with both the baseline regression and estimate life-choice effects. 9
We are not the first to investigate how Millennials are altering major life choices, relative to previous generations. As with transportation choices, however, this is dominated by anecdotal evidence, or empirical comparisons that do not control for possible confounders. For example, Martin et al. (2016) finds that Millennials are marrying later. Astone et al. (2016) finds that they are having fewer children; Nielsen (2014) finds they are more likely to live in urban environments. While we treat income as endogenous, there is an argument to be made that differences between income levels across generations may be due to macroeconomic conditions. Many Millennials entered the workforce during or after the financial crisis. Our results with respect to income also contrast with conventional wisdom. We find that there is no statistically significantly different levels of income among Millennials compared to Baby Boomers.
7 We have also included education, but this does not have a substantive effect on our results. 8 Because squared terms of both family size and income are included in the vehicle ownership regression, we require an assumption on the mean income level. We use the mean income level in the sample.
9 The bootstrap draws a new sample with replacement in each iteration and uses this sample to estimate the household vehicle regression and life-choice effects. Therefore, it accounts for the correlation across the different regressions.
The first stage estimates, in terms of how Millennials compare to Baby Boomers with respect to these life choices, foreshadows the net effect. Figure 4 shows the coefficient and confidence interval associated with the Millennial and Generation X indicators, while Table A 
Conclusion
We test whether Millennial's preferences for personal vehicles and vehicle use differ from previous generations. We find that although a simple comparison of average ownership and use would suggest a difference, once one controls for confounding variables there is no evidence of a difference. While we find that Millennials are altering life-choices that affect vehicle ownership, the net effect of these endogenous choices is to reduce vehicle ownership by less than one percent. We can statistically rule out effects larger than two percent.
Many Millennials report they prioritize environmentally friendly products, but the so-called "Green Generation" Nielsen (2015) does not exhibit significantly different preferences when it comes to transport. This does not inherently mean Millennials do not consider the environment in their transport decisions, but for many Millennials having a vehicle may not be a choice. The US can not rely on Millennials' preferences alone to reduce carbon emissions. They operate under many of the same constraints as prior generations, and they still have strong preferences for personal vehicles.
These findings are not meant to be seen as hopeless for the future of GHG reductions in the US.
Rather, the work shows that environmental improvements are not inevitable based on Millennials' preferences alone. Millennials' demographics are influencing vehicle ownership and VMT, but the decreased environmental impact is more of an inadvertent result of their life choices rather than a purposeful effort to reduce their environmental footprints. Furthermore, the net effect of these life choices is to reduce vehicle ownership by less than one percent.
One caveat of this analysis is that it is US focused. One could argue that emissions from developing countries, in particular China and India, will be more important. We are unaware of similar data for China and India and would argue that changes in generation preferences are much less important than changes in the countries' income levels so similar data would not be as instructive. Furthermore, while the developed world (and the US individually) is still an important driver of global emissions. This is especially true if the developed world will be expected to lead by example. This work suggests that this leadership may be more difficult than often thought. on the emissions factors of vehicles. Therefore, while the preferences for Millennials are such that they will still demand personal transportation options, as long as those are carbon free, emission reductions will still occur. While, clearly this is true from a simple carbon-accounting standpoint, in practice emission reductions are likely to come from both reducing the carbon intensity of personal transportation and reducing transportation intensity. This work suggests that this latter lever will not be as easy as some market analysts and policy makers believe. 
A Appendix
